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REMARKS 

L Summary of the Invention 

The invention relates generally to a pressure seal for containing fluid pressure at an 
annular interface having a metal-to-metal contact with one or more metal annular members. 
(Specification, page 2, lines 8 to 1 1 .) In particular, it is desired to make a proper metal-to-metal 
seal in a pipe connector of the kind that forms a pressure seal by wedging a metal seal ring 
between two hubs, and to permit the metal-to-metal seal to be broken and later properly reset. 
(Specification, page 2, lines 17 to 20 and page 3, lines 6 to 10.) 

To solve these problems, there is provided a composite metal seal (15) that includes a 
core (34) of relatively hard metal, and at least one annular region (35, 36) of relatively soft metal. 
The annular region of relatively soft metal is integrally bonded with the core of relatively hard 
metal, and has an annular sealing surface (32, 33) for providing a fluid pressure seal. 
(Specification, page 4, lines 19 to 24; page 13 line 23 to page 14 line 10; FIG. 3.) In the 
preferred construction, the annular region of relatively soft metal 35, 36 is welded onto the 
relatively hard metal core 14. (Specification, page 17, lines 8 to 16; FIG. 6.) 

The applicant's invention provides a number of advantages. The composite metal seal 
ring 15 functions as an integral piece of metal, although the properties of the metal are different 
in different regions of the composite metal seal ring. (Specification, page 17, lines 13 to 16.) 
The soft overlay metal can flow into any discontinuity that may exist in the hub seal surfaces and 
effect a seal. Moreover, the soft overlay metal will not scratch or impinge the hub sealing 
surfaces. (Specification, page 14, lines 7 to 10.) The hard metal core 34 ensures that there can 
be a relatively high contact stress between the metal seal ring 15 and the hub sealing surfaces. 
The high compressive stress in the seal enhances the seal's ability to withstand any external 
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pressure, and internal pressure further energizes the seal. By overlaying a high strength core, the 
high strength capacity of the seal is maintained and a softer exterior surface is presented that will 
deform prior to deformation of the hub surfaces. Therefore, the hard metal core 34 ensures that 
the seal ring can be used after making and breaking the metal seal numerous times. 
(Specification, page 14, lines 11 to 21.) 

II. Issues 

A. Is it proper to interpret "integrally bonded" to mean merely that the hard and soft 
metal of the composite metal seal ring are held next to each other or are in contact? 

B. It is proper to modify Fyffe U.S. 1,426,724 in view of Bloom 5,680,495 so as to 
reconstruct the applicant's claimed invention? 

ARGUMENT 

A. It is improper to interpret "integrally bonded" to mean merely that the hard and 
soft metal of the composite metal seal ring are held next to each other or are in contact. 

Paragraph 9 on page 7 of the Final Official Action says: "Argument concerning integrally 
bonded in not persuasive because integrally bonded interpreted broadly can mean that the hard 
and soft metal of the composite metal seal ring are held next to each other or are in contact." 
Applicant respectfully disagrees. Such an interpretation is an unreasonably broad interpretation. 
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According to the Manual of Patent Examining Procedure, Section 2111: 

The broadest reasonable interpretation of the claims must also be 
consistent with the interpretation that those skilled in the art would reach. In re 
Cortright, 165 F.3d 1353, 1359, 49 USPQ2d 1464, 1468 (Fed. Cir. 1999)(The 
Board's construction of the claim limitation "restore hair growth" as requiring the 
hair to be returned to its original state was held to be an unreasonably broad 
interpretation of the limitation. The court held that, consistent with applicants 
disclosure and the disclosure of three patents from analogous arts using the same 
phrase to require only some increase in hair growth, one of ordinary skill would 
construe "restore hair growth" to mean that the claimed method increases the 
amount of hair grown on the scalp, but does not necessarily produce a full head of 
hair.) 

The specification as originally filed, page 17, lines 8 to 16, uses the term "integral bond" in the 
following fashion: 



A preferred method of fabricating the composite metal seal ring 15 includes a 
welding overlay process. This welding process deposits the relatively soft metal 
overlay 35, 36 onto the relatively hard metal core 34 in such a way as to produce 
an integral bond between them. In other words, the composite metal seal ring 1 5 
functions as an integral piece of metaL although the properties of the metal are 
different in different regions of the composite metal seal ring. (Emphasis added.) 



The applicants' usage of the term "integral bond" is consistent with the common meaning 
of the terms "integral" and 'bond" and therefore must be given legal effect. See, for example, 
the enclosed pages 168 and 738 from Webster's Encyclopedic Unabridged Dictionary of the 



English Language, Random House, New York, New York, 1989. The applicable definition of 



"bond" includes "14: adhesion between two substances or objects." The applicable definition of 
"integral" includes "3: made up of parts which together constitute a whole." 
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See also M.P.E.P. 2111.01: 

APPLICANT MAY BE OWN LEXICOGRAPHER 

Applicant may be his or her own lexicographer as long as the meaning assigned to 
the term is not repugnant to the term's well known usage. In re Hill, 161 F.2d 367, 
73 USPQ 482 (CCPA 1947). Any special meaning assigned to a term "must be 
sufficiently clear in the specification that any departure from common usage 
would be so understood by a person of experience in the field of the invention." 
Multiform Desiccants Inc. v. Medzam Ltd., 133 F.3d 1473, 1477, 45 USPQ2d 
1429,1432 (Fed. Cir. 1998). 

A hard metal object and a soft metal object merely held next to each other or in contact 
with each other do not have adhesion between them, and the two objects do not constitute a 
whole. Such a pair of metal objects do not function as an integral piece of metal, as required by 
the applicant's specification. The definition of "integral bond" proposed in the Final Official 
Action is inconsistent with the usage of the term in the applicant's specification. It renders the 
word "integral" meaningless. It is inconsistent with the interpretation that those skilled in the art 
would reach. Therefore, such an interpretation is an unreasonably broad interpretation. 

B. It is improper to modify Fyffe U.S. 1,426,724 in view of Bloom 5,680,495 so as to 
reconstruct the applicant's claimed invention. 

The Final Official Action, paragraph 5 on page 5, relies on Bloom for showing "a 
deformable metal seal (70), where a soft metal is welded onto a relatively hard metal (metal layer 
76 and 78)." However, Bloom describes (70) as "a deformable metal layer " that "comprises a 
first layer 76 and a second layer 78" and that are "overlaying the [substrate] body 74." (Bloom, 
col. 6, lines 26-29.) In other words, the layers 76 and 78 are layers on a substrate body 74, and 
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two substrate bodies are bonded together to hermetically seal a fiber optic device. (See the 
abstract and FIG. 9.) Moreover, there is nothing in Bloom disclosing that the inner metal layer 
76 is a relatively hard metal layer, and the outer metal layer 78 is a relatively soft metal layer. 
For example, the inner metal layer 76 consists essentially of pure aluminum, and the outer metal 
layer 78 consists essentially of gold. (Bloom, col. 6, lines 33-35.) One would expect pure 
aluminum and pure gold to have similar hardness, but essentially pure aluminum may be softer 
than essentially gold. See also the enclosed two pages 28-43 and 28-48 from Perry's Chemical 
Engineer's Handbook, Seventh Edition , McGraw-Hill, 1997, disclosing a hardness of 19 for min 
99.6% pure aluminum AA designation 1060 (right-hand column of Table 28-16) and a hardness 
of 25 for min 99.95 % annealed gold designation UNS P00020 (right-hand column in Table 28- 
19). In this case, a harder metal layer (essentially gold) would be overlaid on a softer metal layer 
(essentially pure aluminum). Moreover, Bloom Col. 6 lines 61-62 appears to refer to the 
ultrasonic welding of contacting outer metal layers 70 at the complementary middle regions 72, 
creating a hermetic seal between the substrates 64a and 64b along the middle surface 72. 
(Bloom, col. 6, lines 49-56.) Furthermore, the very thin metal layers in the miniature electronic 
device of Bloom are not analogous to the hard and soft metal regions of the applicant's claimed 
invention. 

In paragraph 5, on page 5, the Final Official Action concludes: "It would have been 
obvious to one having ordinary skill in the art at the time of the invention was made to have the 
relatively hard metal and the relatively soft metal of Fyffe to be welded to each other, to provide 
a hermetic seal and gas tight seal (a seal having metal layers 76 and 78 to be bonded by welding, 
column 6, lines 17-23, lines 31-28, lines 51-53 and 60-63)." However, it is not seen how the 
advantage of hermetic sealing of a miniature solid-state electronic device would provide a proper 
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motivation for modifying the pipe joint seal of Fyffe, nor would the proposed application of the 
teaching of hermetic sealing to a pipe joint result in applicant's claimed invention. It is not 
evident from the cited references where Fyffe is deficient in its intended purpose of making a 
pipe connection that is not necessarily permanent. Moreover, if one wants to hermetically seal a 
joint between metal pipes, in accordance with the proposed teaching of Bloom, it is not seen why 
one would deviate from the common practice of simply welding the pipes to each other. 

The policy of the Patent and Trademark Office has been to follow in each and every case the 
standard of patentability enunciated by the Supreme Court in Graham v. John Deere Co. , 148 
U.S.P.Q. 459 (1966). M.P.E.P. § 2141. As stated by the Supreme Court: 

Under § 103, the scope and content of the prior art are to be determined; differences 
between the prior art and the claims at issue are to be ascertained; and the level of ordinary 
skill in the pertinent art resolved. Against this background, the obviousness or 
nonobviousness of the subject matter is determined. Such secondary considerations as 
commercial success, long felt but unsolved needs, failure of others, etc., might be utilized to 
give light to the circumstances surrounding the origin of the subject matter sought to be 
patented. As indicia of obviousness or nonobviousness, these inquiries may have relevancy. 

148 U.S.P.Q. at 467. 

The problem that the inventor is trying to solve must be considered in determining whether 
or not the invention would have been obvious. The invention as a whole embraces the structure, 
properties and problems it solves. In re Wright , 848 F.2d 1216, 1219, 6 U.S.P.Q.2d 1959, 1961 
(Fed. Cir. 1988). 

For the teachings of a reference to be prior art under 35 U.S.C. §103, there must be some 
basis for concluding that the reference would have been considered by one skilled in the particular 
art working on the particular problem with which the invention pertains. In re Home , 203 U.S.P.Q. 
969,971 (C.C.P.A. 1979). Non-analogous art cannot properly be pertinent prior art under 35 U.S.C. 
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§103. In re Pagliaro , 210 U.S.P.Q. 888, 892 (C.C.P.A. 1981). The determination of whether a 
reference is from a non-analogous art is a two-step test as set forth in Union Carbide Corp. v. 
American Can Co. . 724 F.2d 1567, 1572, 220 U.S.P.Q. 584, 588 (Fed. Cir. 1984). In Union 
Carbide , the court found that the first determination was whether "the reference is within the field of 
the inventors endeavor." If it is not, one must proceed to the second step "to determine whether the 
reference is reasonably pertinent to the particular problem with which the inventor was involved." 
Id. "[T]he purposes of both the invention and the prior art are important in determining whether the 
reference is reasonably pertinent to the problem the invention attempts to solve." In re Clay , 966 
F.2d656, 659, 23 U.S.P.Q.2d 1058, 1061 (Fed. Cir. 1992). 

In the present case, the applicant's invention is directed to a pressure seal for containing 
fluid pressure at an annular interface having a metal-to-metal contact with one or more metal 
annular members. Fyffe is in the applicant's field of endeavor, but Bloom is not. For example, 
Bloom is classified in class 385 (Optical Waveguides), and Bloom's field of search further includes 
class 372 (Coherent Light Generators), class 257 (Active solid-state devices, e.g., transistors, solid- 
state diodes), and class 437 [438? (Semiconductor device manufacturing: process)]. 

Bloom is not reasonably pertinent to the particular problem with which the inventor was 
involved. Among other things, Bloom is directed to sealing a fiber optic device by compressed 
metal seals; in other words, encapsulating and sealing a miniature solid-state electronic device from 
the surrounding environment. This is not reasonably pertinent to the applicant's problem of 
improving a pressure seal for containing fluid pressure at an annular interface having a metal-to- 
metal contact with one or more metal annular members in order to permit the metal-to-metal seal 
to be broken and later properly reset. There is no basis for concluding that Bloom would have 
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been considered by one skilled in the pipe seal art working on the particular problem with which the 
applicant's invention pertains. 

Even if there would be some basis for concluding that a person of ordinary skill in the art 
would have considered Bloom, there is nothing in the prior art as a whole suggesting the desirability 
of modifying Fyffe in view of Bloom. Fyffe appears to be entirely satisfactory for its intended 
purpose of providing a pressure seal for containing fluid pressure at an annular interface having a 
metal-to-metal contact with one or more metal annular members in order to permit the metal-to- 
metal seal to be broken and later properly reset. Bloom relates to hermetically sealing a 
miniature solid-state electronic device from its surrounding environment. If a person of ordinary 
skill in the pipe seal art would be told to apply a teaching from Bloom to provide a hermetic and 
gas tight pipe seal by welding, it is not seen why the person of ordinary skill in the pipe seal art 
would deviate from the common practice of simply welding the pipes to each other. 

It appears that the only motivation for modifying Fyffe to arrive at the applicant's invention 
is the applicant's own novel disclosure of welding a relatively soft annular metal overlay onto a 
relatively hard metal core. However, it is improper to attempt to establish obviousness by using the 
applicant's specification as a guide to combining different prior art references to achieve the results 
of the claimed invention. Orthopedic Equipment Co., Inc. v. United States , 702 F.2d 1005, 1012, 
217 U.S.P.Q. 193, 199 (Fed. Cir. 1983). Hindsight reconstruction, using the applicant's 
specification itself as a guide, is improper because it fails to consider the subject matter of the 
invention "as a whole" and fails to consider the invention as of the date at which the invention was 
made. The critical inquiry is whether there is something in the prior art as a whole to suggest the 
desirability, and thus the obviousness, of making the combination. In re Dembiczak , 175 F. 3d 994, 
999-1000, 50 U.S.P.Q.2d 1614, 1617 (Fed. Cir. 1999)(actual evidence and particular findings 
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need to support the PTO's obviousness conclusion); Interconnect Planning Corp. v. FeiL 774 
F.2d 1132, 1138, 227 U.S.P.Q. 543, 547 (Fed. Cir. 1985) ("The invention must be viewed not 
with the blueprint drawn by the inventor, but in the state of the art that existed at the time."); In 
reFritch, 972 F.2d 1260, 1266, 23 U.S.P.Q.2d 1780, 1784 (Fed. Cir. 1992)("It is impermissible to 
use the claimed invention as an instruction manual or 'template 5 to piece together the teachings of 
the prior art so that the claimed invention is rendered obvious. 1 '); Fromson v. Advance Offset Plate, 
Inc. . 755 F.2d 1 549, 1 556, 225 U.S.P.Q. 26, 3 1 (Fed. Cir. 1985) (nothing of record plainly indicated 
that it would have been obvious to combine previously separate lithography steps into one process). 
See, for example. In re Gordon et aL 733 F.2d900, 902, 221 U.S.P.Q. 1 125, 1127 (Fed. Cir. 1984) 
(mere fact that prior art could be modified by turning apparatus upside down does not make 
modification obvious unless prior art suggests desirability of modification); Ex Parte Kaiser , 194 
U.S.P.Q. 47, 48 (PTO Bd. of Appeals 1975) (Examiner's failure to indicate anywhere in the record 
his reason for finding alteration of reference to be obvious militates against rejection). 

In short, annular seals for coupling metal tubular members as inFyffe, and welding 
techniques for joining metal tubular members, have been known for about 80 years since Fyffe, 
yet none of the art cited by the examiner applicable to annular seals suggests the applicant's 
invention, which admittedly offers significant advantages over the prior art. This is objective 
evidence of the patentability of the applicant's invention. Fromson v. Advance Offset Plate, Inc. . 
755 F.2d 1549, 1557, 225 U.S.P.Q. 26, 32-33 (Fed. Cir. 1985) (It is at best bizarre to assert that the 
subject matter claimed was merely an obvious extension of technology when none skilled in the art 
attempted such "extension" during the seven years when alleged economic advantages of such 
technology were available). 
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In view of the above, it is respectfully submitted that the application is in condition for 
allowance. Early allowance is earnestly solicited. 



HOWREY SIMON ARNOLD & WHITE, LLP 
750 Bering Drive 
Houston, Texas 77057-2198 
713-787-1400 

Date: ^ 



Respectfully submitted, 



Richard C. Auchterlonie 
Reg. No. 30,607 
713-787-1698 
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APPENDIX I. VERSION WITH MARKINGS TO SHOW CHANGES MADE 

4. (Once Amended) [The composite metal seal as claimed in claim 1] A composite 
metal seal comprising a core of relatively hard metal and at least one annular region of relatively 
soft metal that is integrally bonded with the core of relatively hard metal and that provides an 
annular sealing surface for effecting a fluid pressure seal , wherein the annual region of relatively 
soft metal is welded onto the core of relatively hard metal. 

11. (Once Amended) [The composite metal seal ring as claimed in claim 8] A 
composite metal seal ring for effecting a fluid pressure seal with respective annular surfaces of 
first and second hub members, the composite metal seal ring comprising an annular core of 
relatively hard metal a first annular region of relatively soft metal integrally bonded to the 
annular core of relatively hard metal and a second annular region of relatively soft metal 
integrally bonded to the annular core of relatively hard metal the first annular region of 
relatively soft metal having a first annular surface for mating with the annular surface of the first 
hub member to effect a fluid pressure seal with the first hub member, and the second annular 
region of relatively soft metal having a second annular surface for mating with the annular 
surface of the second hub member to effect a fluid pressure seal with the second hub member, 
wherein the two annular regions of relatively soft metal are displaced from each other along a 
longitudinal axis of the composite metal seal ring , wherein the first annual region of relatively 
soft metal is welded onto the annular core of relatively hard metal and the relatively soft metal 
of the second annular region of relatively soft metal is welded onto the annular core of relatively 
hard metal 
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26. (Once Amended) [The composite metal seal ring as claimed in claim 21,] A 
composite metal seal ring for effecting a resettable fluid pressure seal with respective annular 
surfaces of first and second hub members, the composite metal seal ring comprising an annular 
core of relatively hard metal a first annular region of relatively soft metal integrally bonded to 
the annular core of relatively hard metal, and a second annular region of relatively soft metal 
integrally bonded to the annular core of relatively hard metal, the first annular region of 
relatively soft metal having a first annular surface for mating with the annular surface of the first 
hub member to effect a fluid pressure seal with the first hub member, and the second annular 
region of relatively soft metal having a second annular surface for mating with the annular 
surface of the second hub member to effect a fluid pressure seal with the second hub member, 
wherein the two annular regions of relatively soft metal are displaced from each other along a 
longitudinal axis of the composite metal seal ring; 

wherein the first annular region of relatively soft metal has a thickness in said radial 
direction of at least one-eighth of an inch, and the second annular region of relatively soft metal 
has a thickness in said radial direction of at least one-eighth of an inch; 

wherein the annular core of relatively hard metal is inlaid and overlaid with the relatively 
soft metal of the first annular region of relatively soft metal, and the annular core of relatively 
hard metal is inlaid and overlaid with the relatively soft metal of the second annular region of 
relatively soft metal; 

wherein the first annual region of relatively soft metal is welded onto the annular core of 
relatively hard metal, and the relatively soft metal of the second annular region of relatively soft 
metal is welded onto the annular core of relatively hard metal; 
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wherein the composite metal seal ring has a longitudinal axis, and the annular surface of 
the first annular region of relatively soft metal is tapered with respect to the longitudinal axis to 
have a varying radius that is smallest away from the second annular region of relatively soft 
metal and that is largest toward the second annular region of relatively soft metal, and the 
annular surface of the second annular region of relatively soft metal is tapered with respect to the 
longitudinal axis to have a varying radius that is smallest away from the first annular region of 
relatively soft metal and that is largest toward the first annular region of relatively soft metal; and 

wherein the composite metal seal ring is adapted for containing a pressure within the 
hubs of at least 10,000 psi, the composite metal seal ring has an internal diameter of at least 3 
inches, and the composite metal seal ring is a hybrid of a pressure energized seal type AX and a 
compression seal type BX. 
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^ "„'V:/j \\ ■*/*>, I. ' -f \ h-ni.tTr.^r.frol :i /^"/v/-' /. .-. r . 

LSOT fbr.TwS^r ■■fif l\:\pn^m^ T,. ■2., jT-s>kit0}s 
/hu iO'?/;, I'/f -1^14, kiwis Wins 1 1- ,s l^f r 
kiiiK Spain irf ^ 



duty, onli-ttttu.:, -- r.^'.lhi '.^r: f Krae .j^ af i ':^h^h?oO, n. r 



. rjctur^ (uf£t*n In coznbljiatlun): hzauli- 
fully teir.td; rair-Snneti; smaU-hunetl. 2. hnvtnrc tktf bor.::: 
tr.'u'n :;ut; c^nUvrl ur ;^rwd wttli- tt? '-jonv 1 -; rt»niovtti; 
tonrrt thicker,; Hdiied u ; al 3. brnceti or (nipported r4th 
:t:.y:j, u , ^ tsy/ji't. <S. fyrtllizi'd with hon*^: toned /ar^i, 
r^orjr-^ -:.o : ] 
rscno-f.^;/ (iiUn^drl/), cc/;. I. Informal very dry or 

tbirity. il. Cerani. (of cJay) thoroughly dried. 
HE©x©*f?i£]te (biin'fi'Oi''), n., p/, -ffiaZs-oa, (csp. col/ertire/v) 
-fffei. t\ marine came fish, Albula vulpes, found In 
nhr-JIoT/ ti*c7j*ra!' t"at*rn, having a okeleton compo'^d of 
n^^'i hbluI, fina bonea. Al<^> called lc&y£ta>„ 
OKi? ; ;.. f nj 

n rtupJd, obatlnnte pennon; 
- 1 ---SKtco/iiccdl'cG,' ad). 



e cff«etlon or Eprpjy fnma truerabj! ui- ij^©^ nseaIl/ 5 Aflrlc. boneo ground to b coarca pow- 

fraenc: t > or drralcory co^:Lmumcatlcii; f: cm;. 1 Htifc v :iTt fertilizer or feed. 



A , . tee^ ©f (5©3itiQZi^l<4tr, 9 the cubject or focal point 
=^m. 4. *n a? « cmata; Tfte ter ft/ We 

mn'<! wit* vcre a bom of contention 
in -ntrvtvora. 

a fotitl. tasry UccM 
in ths> dri? dl^lllatlon of 



*!?ut v/l3f^i : jcnp^, lbok*- 1 



•7 fe^ 



any 



r-u tins fc<Jatt«)i of a Hiip^xiur 
— Byxi- 1. captivity , t- vlivuit; i!.ris(Uj 



Holland 'tirofJjlr of Niinn),^ ;,, 4. T..-<xr4'i.» 

N.-po-U-oa dm. ^ n-t ^>lfr A. i»1 ^'-.0. 

See Napoleon III . 5. Ld t iim ' lo ^si: •!.; \ i ■ U vyv. v-"., 
1775-1 S40, 1'rlnce of ('atmino fbrnthf^rT^ Ni^VU'^h J \ 
6. Napoleon. Sfr N|polcon I. 7. NupoixW. cr- - 
poleon II. Italian, Buonaparte. Bo / n«.par / ti>ftiT, 
adj. 

Bo na -part 1st (Wn.t piir^ttstj. n. an adhere ttt 
the Bonaparte* or thf lr ptrfHvs, D^irluT Buvnnp<;;:n ; \\ 
See Bonapartt-i -xht] • - Btt'nh -iMt r t 7 i* nt, n. 

bon ap<pMit (bO jtf French, a wish you i u 
hearty appetitts 

Bon a ven-tu«ra fbon'r* yen <ajofix'-n; Jfe. bB'jttoi voxi- 
t uTi ' rH ) , n . n byy'-s jjjwii nattti, 

bon a-ven ture Cbon/n vc ry-lu;\ hon^,j v^-n/ -1, .... L.» 
bon a v future mast. 2. )ionav l <ir«i:u'<; . ^..v^ F ; 
• U ■ f . U . L' < it &n wi *xf ejttii r*7, iif., Muv,& Ttr^c . si ^ j vf i . 

Bon a ven tore tboji'o w/fe), > ( . Smj, c'^f 
,>^r a p h U> IMm r " * > , ) 221 ^4, ttaliw f-tb ol Ubtt c tP» ! »'it/^" tisu 
Also, BonAvcntupa, 

bon'aventore maSt't A r fj;4. aimisf fitted ^ith 
IftU'en sail 
or near 
turies. A I 

bon 'aventu re m3br. 'zen, AV/?. 1 . A \%q f - ^\ -id htm* 
a venture, u tatfezi sail sfct on it boBn^^ntoro uws 1 ;. 2- 
See bonaventaife ma at* 

bOn*a»vl&t (hoii^t vist; r 7^ «ce nyaeiath bean, 
buonatista ^nod fri«ht. fse£ aoo?;^ rrfrrA] 

bon-bon (bon'boia^; Ft, hiix >3*>N^) t ;.v, p/, 
{-bon.2>: Fr. -h6 t \ T '>, 1. a foodtttt. fruit , or liut cwitor 
dipped in fondant or cfaocoJats; u rBocoIafe '. 2# a lilssa 
of confectionery; ettn^y. E< # * f *it*^ RrwKl-(?ood ; Ttv 
petitlve coJonound^ cri«. BtoXSUvy wowlj 



9 r bondl^ course/, U« 



(i 1/ Tifiwen t , It a pr) sotttrs.nii I . 



■'ftir<tn t u'i ^ r i;^ta 
;■ (V.;. 'S3 




r,( iurse . f tir Ho n do j k n j xso n ; lit -;i ep fix, 
•bt»nd>ect a*onAlklj. «rff. 1. serujyti (>y ur ctuirfMlflrt 
of I Kinds*, hnhp'd tU/tn. plitrcd S.n ^rOI!d: ft on th-tf goo<1n, 

'bond^eci war^^kouse, n \\;.frrlious<: fer Koods- b«-ia 
m bond by i he Kovrrnro^m. 

bandied. whi^k«v» uier W) 

bond bold -i'l- t ^ Hi »r>. r. ii 

Ninds HsikiJ by liiiVtsnnciit or t-c 
t HO^n^aj - bond/hisJd^mK', ady., n. 
bond^matd ib^-id^m7: ;/ ;^ r:. 1»h remnfp ^f^vr. 3* u b - 
iCTiila bound to h^.Tv^v wr-rtR:: wUKt^*- Ibo^i-j 1 ' + m*.jd>1 

r. biC.'^ ?.u ;^r -.^^ ■wif.j-mut w^rs, a. QW 
•. r> TJUfflr. 1*. StArJ enfw te.n,\.\.tt. A.Wo,-%an^ns3itui-, 
''v.:?'" v*iir,.*. ^; : ^w^ r tiA.\ r j 

c^-.o. u?hS3 Tc? *.tation$i^. Also tMted bood. 

sliwtv 3. ;t peiv;an bnuml t?o sen let- wit b out ^.v-8kc?. 
AitJO, bojtidl^Hyerv/olit. 



(Ee^bt 3 to 6 ft.l 



^ B0 . /O», 

bfijutJ.B'Hta^' (bond«^s.i), -met*. 



Tf Ibond-HtOfie (hotid/stli/iy), v?. 0 atone, as 1 pex-peatJ, 
1 - !';r .tendlmt' MclnK uta^nry ivo u mxsonry backing. 



WO r.t., 

ties 

bone*set^er '^.r^-'-' ^j, r.. 

broken , or flfc I ^ ; ~ri t te d bt?nes , or the . : . 

like, r^p, /b ;i wlm h not, :.\ w^a:? phyolcian or 

surgeon* barter, ■ftnti* ^I'ti; seo Bto^n 1 , hmttbpV 
bone' $pav/iti 7 Vrt, Pathol Ben tinder ^pnvln (dcx. 

^"drr «.f a bouu u r bone/ fcut'UUOiHe, f'b^u' buxit m ivary r^at haucsc^ 
n>ofa riori. ; huk:/- co r .ur<:d jixtumUy or :>rt i' i^uUy .so as to ^f^jai-b!© .tmv 
ciurtise. AIhc called foH»ii tar^uoise* odontollit^ 
btme»yai?d fb^/yfiFdO, ^- Also called stock 
fornnipneu. *':<■ bank, consisting of tb3 a^jnainuij; 
domino..^ ifter azch ."oer.-nn b.ao made Ma initial drav/. 
• 2. a plate t^- a i/^e:*e %hs bonc-^i of vvlld animate ac- 
fjnm^nt^ f>" arc ooilt^u. Inform tit, nn area vrhere 
old, y ^l^cavitd 60^ jhi^i, etc,, ei-e 

cnllrct^c" igjrior So bsics broken ;r? 
for i^van or- otirwwfca ^dicposed- of. 

feaxi'ilre (bon^fpr/), ^ i. a lapse 
fira la tho ojien oil*, for, warmth, 
entertainment, or ts&bratian, to 
burn Teavea, garbage, ate., or as 
a signal. 2. ftny fire built In the 
upon. Data MB wnc /iw, i.e, , ft f Ira 
■wit]-! bones for ftiej] 
bOSvqo' (boj'^gO, bO^/-), 3,, 3/. 
-go^j (psp. mietticely} -so. a 
re^dj^n-bi^owa antelopo^ Tawro- 
fmtr/'^ tun-ftrafl, of tm* forests o? 
t¥frttoJ Afrtcu, ILavins white 



bc^djQLM'.n. 



: b f^ bonas*wom*aiii 0iondz/w6omA>«.), n., pif. ^wom-oiu siffpe's rjtid large, spirally fcwteted 

or who by bond horns, C< an African lungtaase^ 



owrety for another. {A«?frft -tmnuv woman of tbw oon.d, 
Ut.. its rfKnar; St;<> BONJjsvtAN'j 

br»b d s- wom»ati a (hond^wudm^n), -n., p/, -wow«cn. 



i«e3 

bon^O 11 {bcn^/ffS^ bO&V~>, A„ pJ. 
-tko«, -f?r>f?«. ono of ft pair of -^mp'l 
trmvd druraa. played by beating 
witli tcs fm^J^. called 




a box or dish for candles. l< T: Tit., randy- holder] 




bon bon ttiere fbON bo nyen/;, -nl. *ni*?ex 

( -nyeH>)^l.a^nf^tiottsrsstore. r.*tmd.wom*a:a (pondAyooni/3n)» n.. p/. ^m^^ a bc»WdsWr£< t Vmer fc^3 

feuuritt siavw* I>JE don/^f.' ttwrtmow. See now*-, wo»at<) bon^^race (boa'infSiiO* ^- Wrw*. bow^race^ 

tKm© : flbun), n., p„ bonetf , bon-in«. --^l 1 ; Am< 4( ^0^. ajr^» ma^ f$t& iboN^ gnS^ szul^ gaEO, French 

», onft ot tfeo structures composing tfat» skeleton of » wbctbtsv wilfinfc or not; witty- wiiiy. 

^T^f 0, v^^L^^^XSStl^^ Boitbom (Warn). ». o town in .*eKco.-W»7 
>rjbsntucti oi tsta tf<&.*8tcm of mo3& VE'rtebrato. 2. such, f i*»sju 

a HlraCtUrG fl-Oin l,m *^lHto (tMli*irt1 tiRtiAllv wfffr twmtt _^V*w»f*. 

, vKUieri 

inx! ''net tie icith a /ja*R &c?;fj, 3* asty ui vnnws »ireu.mriy uu.ru. —.^-Yp* 

or structural unfetil subfjtjmcus, a* iVi>ry ( whnlobonc, t«^^„ mAii mm ..liftrtv,/ r 

stance. 5. Jsone» r tan skeleton. K a bod: - * *■ ■ 

Mr. Botte», *s» a -implu rhythm fnsmm^ni con^fHtbi^ 
of t*o„ som^tunes curvudi oars or short strips of bono* 



IT 



Bond» (do*» 15a) 
A, Amerfcm bond; 3» Fiera^Sb honrl; C+ ^tt(c]:fsb. fea-ad; 



' icith a Immltcnp, 3. a^y of vnrfpus stadlorly hard Winter ^ Uffrt0 ifoiiftcifr), is^-wa, wmn 

toan-BeW*l©w c*» nQr/doii aiidfisp/,^ -dsea-; Fr. 

ilv /vitf an b9 fic±;n ^habn') t n M ji/. bon-KBttrH -du-jour lb> 
lwi)iSP9- ixfir/dGB^i^ ^iyoo-i *y. bd no:a dv ?heu: ' . 
■ cOiSiliii.t? F/*nrti J^ki/wrA a dainty, fuU^rmit dtsli .of tiio Imn 



bond 1 (boud) r n. ,1. sotitatbtiw that binds, lasim^, 
c-nnflmts. or fcldH t^wtnvr. 3i* u cord, rope, band* or 
1 i K a me nt . 3 . so mt' t feirtg t.bi t% I jjo d * n p*^ soit o r ptsr soiats 
to a certalrt Mai* of lifcUuvior; ; Vnd of imHrinvm v. J • 
somethfiiK. a.R a a a^r'-fni^nT^ idtTidsbLp. vtv. , thai ir" ,; .^^ 
individual's pt-Dj)Iei hi?& ^ fsrnupv 'rsjyetnvnt : 
between 7\<xtfun>. 5, blttdins sfecurit> ; lirm assuri'siiev 
A / v word i& ni$ ha nil 0. a se a-lwl lost ru mt 1 n t und e r wlu eh 
a person, co.rpo ration,, or ko vera merit KUiiranteeji 10 puy 
a stated sum cS money jih or btlon 1 a Sufeified tlAy, 
7. any written *.on under s*m1. 8. Lq-v. a writ 

ten promise of a surety. ^9. Hort the s-teite o( dutiab?^ 
K<hk!s on 'which thi : rlurle? arc- anpatd, when B.fcored 
under a l)ond in ehnrxe u; the jfovt j rnrnent : g^;d> ,J, n 
/ 1 0 . 4 1 >n n t.l 1 * l f 1 bowdtid wh i uUey r . w h 
That bt'en a*: Itj^/s!; *our Ti-i? r& an a ? x-n-i-Tt 

hnii*' bt'fn'n' l^rtMirnc. i ;: -e, ^ ruiie,;;'! f^f 

ow nership s;i a -ypi.iriiietl pattlon of a <Xv.ht duy tu bo 
paid by a government or eorporatiuu to ;.m IntHvitiuai 
holder and u^cudly buutlfltf ft ijxed ratv of infwt , i4. 



18th and tuvriy Tilth eunturica t< V: Ht-» happing of 

^ tjiu day, fmnx thi» favor if fouad in its tuno] 

«ra «Tvt sfaSp 'of whatefcotttt DMOtlO'lBde (HotiA» me*'; /-V. b<*n<V «aS^>, fe. i'r«i.nk ,.nd 
or nth v r ma te rail? r f:r £it .tfft n kg com* s > pert fcoat s , **t c, ; .simp h? t^jud- tar nr 1 e Uness ; ;.i ko* icVn.: it tired ni osmr r . 
■sLty. n^ir^i^EK^. a 'inmina. inonr'H boneh, es:rui:\. ft J/-^ ^■■. i r/-f t f u ; Koud-i^itamt ija:n 

' ' " ■ ' S lie Tf.il in flf"' Writ?, thn.i "Hu*tli> -i> -r^ bon ■ Ho mO 0* 



ivorv. vood. or tho Eko, nrld bef.^reen t^ie rincfers of ope; 



rj.e-i 



i>6- 



• <n W ,.^. . -N* f ;> «. , ^>. 'R have a bone to Bon- ho nune Rich at d s »,;:•'' or. 
Oick With soweoit^, to have cause l 0 F disa Ktw or ;.trvrue a^m^ ^iiAi^,-- Jhr 0.:^bip ul Jo 
•with soroojte: Tkt tmtktr hutl a hone to plr* ^th nm Bon*i*facie (bon/ T i ia.^; fe/ 4 bO nu . «. 

7rf^ hwneirorkPtrpir mmcul trl.Hi Rte vntfr- ^ Saint - Vt~yi?/Vit/*>. i.o.'tW/--T5n?. Knrfwh ;.;u-;k who 
^•r'"'. 30, rn.tt.ke no oc^um tt-hou^ t j dt'-H vlth m ;a brr-aran- h uriVs-hmary in Ci**rmtuj v 2. a jLvi;-i. innWre^er 
iUrert mtnm-'T; arr or sppTT.k openty. b. to have no -feDT- j.^, j^ ( ., L r Si/a&^^, a* ■ '.f. j ;o:iv liLnd.lotd ur inn- 
of or obji^flon to; Fi6 mtrfrs nu hone* u.h'S.X t& 'Pi' ,l .K k*'ei»r 4. ;» b<n n.arac. 

*" 'Jwtf&h?* —v.tl^^i^niov^tl^^^^tmm; B<)rafm > e J Sj.int, •:: i - v. - 422. pope, t - o- ^_ 
'rtO*f'UiK/. t.«. Ai;r'f fnnur nnrsf»Ttie-ni intu. **°nuace poj.« a.j, -j.-su 

— r.l. SA-. 



fo^tei 



. put' 

la, ^r f <. tD put i 
Hf'Tuj, i.D stutiy 



spe 1 mi'." 

nfvns< J .i.Y; rr'nn 
?.f r ; r/;ev. ;.MH 



Ins urn n 

jjosiOmI, or thfj p.TFijta&M>ry urrsijtccmsnt vali*wd "Iruru, 
iui Ue r any such fiKrt'tintn t. 13. a subsUmt^ t tat t ra-. d 
7»artieleH Ui vj&fci*re.: hSi-tdti*. 14. ndhpr-lcn between r.v,*c- 
si].t»s!ani-eM cli* obfects. us ctmc ^etu . i. k .'::\:ix-i.~: •; 
••^'•rand< XX, Cam:, *h-; a+tx+ptiuv l*\lwn z^z-H In ^ 
u^'ji-'H-u.U-. .10. Ru> bond papsr. 1?. ZZc'.n.rj. a*.. 
■>t v tn.->:i-v •■>;r."<i;.ci n : -r^ Srit/kH >-totb. -i^vJnsii 
• s^'! ' >r p o -'i • '.1''. i o.^;t;Ly "V"'..^ 
;h fiiljiiin-f 1 rrr 'tppevv.L'ur nf a 'or.. •'-5. I' 

a- i !.»{• i.:f !;ni-k\ \tovv^, : . , J ^.sVr^e ■:<■.■:■> - 
incn'usi' tr- strciitfih. 1^, £;!:;.'. .r;*. i'lt^V^ *-Jj: lUt'.C 

pi.in'd i-«'I^itji ariia^^t raL-.t^ r . : . ^. ".r.r;. /.v. 

■is ir: « r.iJr^-i x.^, >x ^t-/., t; .; vw 

the .mt-.,.-,:;;,:;^:-^ ^:..>l ^t^ty. :xnt' ■■> 

:uan. — i.f. 2a tn j*;u, itfiiciis, uii asE^oyt'j*, o!i::'';;t, 



3r;rf Ei?f?I — bone'IoBw, —bono/ like 7 > - r ;ri>. 

K thl^taucey 'da- bone-'- ' i :ri-:) > n. Jnzz. atvnmbniu'. rshr^t foi-rrf 

1 ' BOne CbtUi), v/. *r Gtayoxt in NJ3 Alfred; :^ 4 b q.; 
Hippo li^iU^. X'lS.OaO (;.B54>. A\<u, Bona. 
bOrtC aab' ? fbc ivranins of i>ont i :s cultmfit! "in. tn'r, 
\y»*rS us a rL^tr4:a^- :t ; jjr-i -in ti^ .^Janu i'tunj'. 
A^.o cnUtnii. bone' «KTtb/- 

;hf.me*'blac:te (him^ic?'.^. -.i Mr" ;, :u; ••'-^.^ 

r. v/r. >, b.l:u'V r 4 — \ c 'rr/''*—" .* 4 '' 
hone? hl&tih' . t'lurjr/ -* f thj^vkJ 



Boniface HI, 
Boniface TV r Saint, ;>»;k 
Boniface V% di- r. : , a.u. n.^ 
Boniface VI, pi^- a i> &!?6, 
Bonlfaee VII, mripa^ 
Boniface Vin> mtruMttf 

Borxlfare IX, (F'j m r<r»u, 

yec!tfSi:».*irfe : i)^J>'' iUiK^-l-^rt. 
BOR'lft^tOtt ':..-:n.''< . -.:.). 

Bo^ntn l«/lamris n^r:'-:, 



19 



74. >><A 



stt3>: f n .WJ-Oov Krtv . ... 

, mod it it of; ubl. f ub-iqux; r„ ^plcsinK; a, stoi; .-T> ( 



|t:r« iopjwstjJi to r:-> ea ;MU(::m) t 
drsctmtfiefi ar durived ftfasj; >. whence; h.., bletLd of. hli-uduo: 



ijvitiibiLhll.Ti s[-v - •: 

Bo-nl-ta (b. s '.r -.e 

bo n f ■ f o , > n . i? r C * , r; . , 

n.i:n*Uen ; 1Tilie ; 



'srdv. 



•^.•r'ovvj:. 



>j \vj!th; drri-v., dedvaMvt.'j Cf;ruv.» t^iuv.drnti innt, 
Jft-^.tp^; *, by h.,!i •. Thu fuLi key insult.' (h-.- ! 



P.if/rke» 



; -14 1, '^P- 
•h. t. riy 
r;". 1 " , i;>Liiffl 

bmt;Ltive;.' 
!f nf .'Dvef. 



insultation 



738 



auLT Implies such Insolence of' speech or .manner as 
deeply humiliates or wounds one's feelings and arouses 

to anger. Indignity Is especially usedof toconrfdora^ tTT^T «'/?"\. u *' " u »«ucnea t .equiv. to in- in J 

contemptuous treatment tow^onl^ntf^ ±to22t/52i'?l * ' Uxa ^ ' T^'^tny t adv 

a "bont ImpUes open disrespect or of fe^to?wn^?it ^1 K„i ete ■ * ■ '■" - ' ^ * * 
5^o?d^^ n.<s: Ph 



intellectualis 



w tmv'iutx. ouQirr/inay imply inadvertent in- 
difference or disregard, which may also ta^teW-con- 
cealed conten^— Ant. 1, 4. complSeS^ - 

> U tnsuitawhi- ia. ot insutUSfo), equiv. toinsuimuus) ln- 

Insulting (in sul/tlfig), odff tendinglto glve 7 or\»use 

*Kl?^ i] ?SES; ble (m s^^r ^ a ; bai).:adi;>tecapaMe of 
being- passed over, overcome. or- surinountedran Wn- 
1 terrier. ,CME J ^.L Ji&SSS^^^Vj 



ized orstructured so*tnat constituent into y 



organized ur-ebrugturea so tnat constituen 
non cooperatively: an integrated economy 
or pejtaming.to a group or society whose membe^ 
teract on the basis of commonly ho:d norms or-vni 



tagMo*, J( -u-gfi (-t&viye).v £ a r gem, '"seat ^'iecVof 
'&7*tZ& a»ifkercut with an taciseATsu^ 
v 2. Incised ^rving, as opposed to carving to relleF?3. 



^tlngi tromtsnchra deslgn,>engravJng,^^< ff ™r^ e ^^*2 ,a da/ta p.^.^^g, „ uu or- 
derly, u of <n<a*/tar** to^cut in/ engrave? eauiv Ilo ■ £ f formation by systematic techniques which'r- 

lall > the -machines, in .thA-s n£? 




ln*swathe (in : swaih>)/ b/ , ; ^iwWth«* Tr li^«; , i* Lf 
w/tow-enswatie. ; r^ii^ffi/i^^^^Aw- 
lll-ftwept^in/swept/r^i" 
1 as an^airplane wing ' 
M>8wlnsr : er On's* 
^ that veers fronToff 

■ IlN.+ 'BWINGBRj. 

int; f vi;toterest.^ 
\ won. 5. Internal.-., will* 
interval. 9. Intransitive. 
In-tact (in takto 



-v- /. ^at^; gating, e ^jl 
r tocorporate (parteMhto a whole! 

^ala^unTtVa^^ 
fcdicate thejtotal amountr 



it j or; the? mean- value of; 5. ihiKLSJi 
U ?of.v e^r^3 ; to combine S?tffiSr 



level;': 0; an extremely rational person; one who t 
on intellect rather than on emotions or feelings, 
/person;, professionally engaged, in . mental labor, 
•.writer^ teacher, . etc.. as distinguished from a' mi 
'-^rer or businessman. intellectuals, An 

mental faculties. .12; intellectuals., ok 
to ,tho intellect: v [ME I< X 1 intell ' 



^^■^^■^tv^^'^^ broken^ 1m- ^S^af^fifeia^r^ exercise 6me Intell 

SSKffSa^ ^ dt£,eV> to.bSome to^^V^^r^* SfSHl^ ^Sl? emphasbpnabstr^torlnte 

not, rh«nowT7;; H™;",C^ ft :^?Jt n « <n shipment! 2. religious, or «thnlc wSISS^ «^^»5v™ ( ?^;-^ la ^ 111 matters;* esp. with 1 a lack of nmner onn<rfHp«,t.l 
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PROPERTIES OF MATERIALS 28-43 



BLE 28- 1 6 Aluminum Alloys 



1^' 

jjgnati 

|ught 
160 

Soo 



UNS 


Composition, %° 


Condition | 


Mechanical properties f 


Yield 
strength, 
kip/in 2 
(MPa) 


Tensile 
strength, 
kip/in 2 
(MPa) 


Elongation 
in 2 in, % 


Harclness* 
HB 


Cr 


Cu,« 


Mg 


Mn 


Si 


Other 














99.6 Al inin. 


0 


4(28) 


10 (69) 


43 


. 19 


A91100 




0.05-0.2 








99.0 Al min. 


0 






45 


23 


AQ9024 


0.1 


3.8-4.9 


1.2-1.8 


0.3-0.9 


0.5 




T4 


47 (324) 


68 (469) 


19 


120 


A93003 




0.05-0.2 




1.0-1.5 


0.6 




H14 


LI \LHO} 




16 


40 


{\\J\J\Jk?** 


■ 0.15-0.35 


0.1 


2.2-2.8 


0.1 






0 




£1.0 \ 




47 




0.05^0.25 


0.1 


4.0-4.9 


0.4-1.0 


0.4 




0 


21 (145) 










0.05-0.2.5 


0.1 


3.5-4.5 


0.2-0.7 


0.4 




0 
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17 \ ^ 
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00 




0.05-0.35 


0.1 


3.1-3.9 


0.1 


0.25 




0 


17 (117) 


IK to a l \ 


07 

Z t 




0.04-0.35 


0.15^0.4 


0.8-1.2 


0.15 


0.4^0.8. . 




T6 


40 (276) 


45 (310) 


1 7 


QC 

aO 


AQfiflfi.1 


0.1 


0.1 


0.45-0.9 


0.1 


0.2-0.6 




T6 


31 (214) 


35(241) 


18 


73 


A97075 


0.18-0.28 


1.2-2.0 


2.1-2.9 


0.3 


0.40 


5.1-6.1 Zn 


T6 


73 (503) 


63 (572) 


11 


150 


A02420 


• 0.25 


3.5^4.5 


1.2-1.8 


0.35 


0.7 


1.7-2.3 Ni 


S-T571 




29 (200) 






A02950 




4.0-5.0 


0.03 


0.35 


0.7-1.5 




S-T4 




29 (200) 


6 




A13320 




0.5-1.5 


0.7-1.3 


0.35 


11-13 


2.0-3.0 Ni 


P-T551 




31 (214) 






A24430 




0.15 


0.05 


0.35 


4.5-6.0 




S-F 




17(117) 


3 




A05140 




0.15 


3.5-4.5 


0.35 


0.35 




S-F 




22(152) 


6 




A05200 




0.25 


9.5-10.6 


0.15 


0.25 




S-T4 


22(152) 


42 (290) 


12 
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^32.0 
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Single values are maximum values, 
typical room-temperature properties. ( . 

Rsf= sand-cast; P = permanent- mold-cast other = temper designations. 
£KJRCE: Aluminum Association. Courtesy of National Association of Corrosion Engineers. To convert MPa to lbfAn 2 , multiply by 145.04. 



Spastic. This membrane functions as a barrier to protect the sub- 
fee from corrosion damage. A special prestressed-brick design that 
Sntains the brick in compression by using a controlled-expansion 
nnous mortar and brick bedding material precludes the use of an 
istomeric membrane. 
lEement and Concrete Concrete is an aggregate of inert rein- 
Mng particles in an amorphous matrix of hardened cement paste. 
Imcrete made of portland cement has limited resistance to acids and 
ms and will fail mechanically following absorption of crystal- 
Iffiing solutions such as brines and various organics. Concretes 
iSe of corrosion-resistant cements (such as calcium aluminate) can 
[selected for specific chemical exposures, 
ifpil Clay is the primary construction material for settling basins 
jfwaste-treatment evaporation ponds. Since there is no single type 
lejay even within a given geographical area, shrinkage, porosity, 
Sorption characteristics, and chemical resistance must be checked 
K5each application. 



[ORGANIC NONMETALUCS 

■Plastic Materials In comparison with metallic materials, the use 
plastics is. limited to relatively moderate temperatures arid pres- 
p| j230 o C (450?F) is considered high for plastics]. Plastics are also 
jessfr esistant to mechanical abuse and have nigh expansion rates, low 
engths (thermoplastics), and only fair resistance to solvents. How- 
eg they are lightweight, are good thermal and electrical insulators, 
8|asy to fabricate and install, and have low friction factors. 
{|enerally, plastics have excellent resistance to weak mineral acids 
Stare unaffected by inorganic salt solutions— areas- where, metals 
||pt entirely suitable. Since plastics do not corrode in the electro- 
nical sense, they offer another advantage over metals: most metr 
I|re affected- by slight changes in pH, or minor . impurities, or 
en; content, while plastics will remain resistant to these- same 
nges, 

[!He important thermoplastics used commercially are polyethylene, 
ponitrSe butadiene styrene (ABS), polyvinyl chloride (PVC), cellu- 
^acetate butyrate (CAB), vinylidene chloride . (Saran), fluoro- 
ipns (Teflon, Halar, Kel-F, Kynar), polycarbonates, polypropylene, 
fens, and acetals (Delrin). Important thermosetting plastics .are 



general-purpose polyester glass reinforced, bisphenol-based polyester 
glass, epoxy glass, vinyl ester glass, furan and phenolic glass, and 
asbestos reinforced. 

THERMOPLASTICS 

The most chemical-resistant plastic commercially available today is 
tetrafluo methylene or TFE (Teflon). This thermoplastic is practi- 
cally unaffected by all alkalies and acids except fluorine and chlorine 
gas at elevated temperatures and molten metals. It retains its prop- 
erties up to 260°C (500°F). Chlorotrifluoroethylene or CTFE 
(Kel-F, Plaskon) also possesses excellent corrosion resistance to 
almost all acids and alkalies up to 180°C (350°F). A Teflon derivative 
has been developed from the copolymerization of tetrafluo methylene 
and hexafluoropropylene. This resin, FEP, has similar properties to 
TFE except that it is not recommended for continuous exposures at 
temperatures above 200°C (400°F). Also, FEP can be extruded on 
conventional extrusion equipment, while TFE parts must be made by 
complicated powder-metallurgy techniques. Another version is poly- 
vinylidene fluoride, or PVF 2 (Kynar), which has excellent resistance 
to alkalies and acids to 150°C (300°F). It can be extruded. A more 
recent development is a copolymer of CTFE and ethylene (Halar). 
This material has excellent resistance, rb strong inorganic acids, bases, 
and salts up to 150°C. It also can be extruded. - 

Perfluoroalkoxy, or PFA (Teflon), has the general properties and 
chemical resistance of FEP at a temperature approaching 300°C 
(600°FJ. 

Polyethylene is the lowest-cost plastic commercially available. 
Mechanical properties are generally poor, particularly above 50°C 
(120°F), and pipe must be fully supported. Carbon-filled grades are 
resistant to sunlight and weathering. 

Unplasticized polyvinyl chlorides (type I) have excellent resis- 
tance to oxidizing acids other than concentrated and to most nonoxi- 
dizing acids. Resistance is good to weak and strong alkaline materials. 
Resistance to chlorinated hydrocarbons is not good. Polyvinylidene 
chloride, known as Saran, has good resistance to chlorinated hydro- 
carbons. ... 

Acrylonitrile butadiene styrene (ABS) polymers have good 
resistance to nonoxidizing and weak acids but are not satisfactory with 
oxidizing acids. The upper temperature limit is about 65°C (150°F). 
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Specific gravity, 77°F 
Water absorption, % 
Gas permeability 
Softening temperature, °F l 
Specific heat, 77°F Bru/(lb- 
Mean specific heat (77-752 
Thermal conductivity, meai 

Btu/(ft*'h-°FVin [W/(m-K) 
linear thermal expansion, ] 

(per °C),xlO-« 
Modulus of elasticity, kip/ir 
Poisson's ratio 
Modulus of rupture, kip/in £ 
Knoop hardness, 100 g 
Knoop hardness, 500 g 
Adhesion strength kip/in 2 
Maximum operating tempe 
Thermal shock resistance, I 

°F( Q C) 

"Courtesy of National A: 

trated acids, except nitri 
known as polysiloxanes 
temperatures as well a 
Chlorosulfonated pol 
ing resistance to ozone 
sulfuric acids. Oil resis 
Kel-F, Kalrez) combii 
tance. Polyvinyl chloi 
overcome some of the 
has excellent resistance 
The cis-polybutac 
propylene rubbers are 
ethylene-propylene rul 
and oxidation , 



TABLE 28-21 Che mi 





Polv- 
propyler 

poly- 
ethylen: 


10% H 2 S0 4 
50% H 2 S0 4 
10% HCl 
10% HN0 3 
10% Acetic 


Excel. 
Excel. 
Excel. 
Excel. 
Excel. 


10% NaOH 
50% NaOH 
NH4OH 


Excel. 
Excel. 
Excel. 


NaCl 
FeCla 
CuSO, 
NH<N0 3 


Excel. 
Excel. 
Excel. 
Excel. 


Wet H,S 
WetCl 2 
Wet S0 2 


Excel. 

Poor 

Excel. 


Gasoline 
Benzene 

CC14 

Acetone 
Alcohol 


Poor 
Poor 
Poor 
Poor 
Poor 



NOTE: Ratings are for '. 
'Cellulose acetate but; 
t Acrylonitrile butadiei 
I Polyvinyl chloride, ty] 
^Chemical resistance < 
f Refers to general-pui 
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